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I. Introduction. 

W~I~ the Cainozoic or so-called Tertiary deposits of Australia 
were found to be fossiliferous in some parts, great interest was 
excited respecting the possibility of the Echini being able to afford 
satisfactory evidence regarding the geological age of the strata in 
relation to the European types. I t  was hoped that the fossils of this 
great group would present some of the anomalies which characterize 
almost every class of organism found in the great distributional 
province; and it was thought to be probable that relics of very 
ancient ibrms would be discovered. But the number of species of 
Echini which were found in the marine deposits beneath the older 
basalt was small; and at the commencement of their study the 
amount of knowledge of the li~ing Echinodermal fauna of the 
coasts and neighbouring seas was not great; consequently disap- 
pointment ensued. Year by year more specimens of the fossil 
Echini have been discovered, and careful collecting has produced 
mar~y with their ornamentation wonderfully preserved; and, con- 
temporaneously, the labours of Gray, Agassiz, and others, increased 
our knowledge of the recent Australian fauna. 

Of necessity, therefore, the literature of the fossil Echini of 
Australia is scanty ; and those pakeontolog~sts who have contributed 
to it have only paid attention to the relation of the forms to those 
of other geological ages, and neglected to consider the aMnities with 
the existing fauna. 

The principal contribution to the Eehini of the Australian Ter- 
tiaries is that of Laube, "Ueber  einige fossile Echiniden yon den 
Murray cliffs in Siid-Australien," in the ' Sitzungsberich~ der ma- 
t~hematisch-naturwissenschaftlichen Classe der kaiserlichen Akademie 
der Wissensehaften zu Wien,' 1869, p. 183. He described several 
species new to science, and established two new genera. The species 
noticed were Psammechinus Wood.~', Catopygus de.qans, E~hino- 
lampas ovulum, Micraster brevistdla, Eupatagus Wrighti, E. murray- 
ensis and Itemipatagus _~orbesi; and the new genera were Para- 
daxechinus, species P. nevus, and Monostychia, species M. aus~ral/s. 
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Before Laube wrote, the Rev. Julian Woods �9 had noticed the 
Hernipatagus as a Spatangu~; and I had described it, calling it 
ttemi:pata.qus Forbesi t ,  Woods and Duncan. Two or three other 
Echinida were also noticed by Mr. Woods and myselfi 

In August ].875 $ Mr. R. Etheridge, jun., :F.G.S., described a 
species of Heraipatagus from the Tertiaries of Victoria, and gave a 
history of the work done by his predecessors, and also a most 
interesting essay, to which was added a list bf species. 

Whilst these years were elapsing, progress was made in the 
Geological Survey of South Australia and Victoria; and Daintree, 
Etheridge, Aplin, Ulrich,Wilkinson w and others under Selwyn, and, 
independently of all, Mr. Woods, described and mapped the Tertiary 
deposits. The general relations of the Mount-Gambier, Glenelg, 
Murray, Hamilton, Muddy-Creek, Cape-Otway, and Port~-Phillip's- 
Bay (Mordialloc) Tertiaries were thus determined, and their fossils 
were collected. 

In 1864 and 1865 il I described several species of Madreporaria 
from the Tertiaries ; and in 1870, after having had the details of the 
Cape-Otway section sent to me, and a very large collection of corals 
also, by Mr. Selwyn, I communicated an essay to this Society on the 
Madreporaria of the Australian Tertiary deposits �82  The geology of 
the Tertiaries was given in that paper, and their local and general 
correlation also. The recent Australian fauna of Echinoderms had 
been gradually described ; and collections had been made contempo- 
raneously with the geological researches, so that the great diffical- 
ties in the path of the student of the :Echini were removed ~o; 
moreover the position of the fossil specimens was decided, and they 
can now be compared with the recent types. 

For several years I have been receiving a few specimens of F.chinida 
from different Australian Tertiary deposits ; and lately a large num- 
ber have been examined by me from the collection of the Geological 
Society, the British Museum, and from that of H. M. Jenkins, 
Esq., F.G.S., most of the fossils of the last named having been collected 
with great care. The number of species is not great; but it is 
sufficient to stamp the fauna with a very peculiar facies, and to 
indicate that the particular characteristic of the existing fauna was 
not present in the past, that the facies is older than that of most 
deposit.s of similar age, and that a part of it is decidedly modern in 
appearance, there being but slight differences between the ancient 
and a part of the existing fauna. 

As the details of the sections whence the fossils now described 
came, and which have yielded most of those determined by Woods, 

* Geological Observations in South Australia. 18{~2. 
t Ann. and Mag. of Nat. Hist. (18~4), ser. 3, vol. xiv. p. 165. 

Quart. Journ. Geol. Soc. vol. xxxi. p. 444. 
Reports of Geological Survey of Victoria. 

~Ann. and Mag. of Nat. Hist. ser. 3, vols. xiv. and xvl. 
�82 Quart. Journ. Geol. Soc. vol. xxvi. p. 284. 
** Gray, ' Cat. Echini Brit. Mus.;' A.Agassiz, 'Revision of the Eehhli,' 1872- 

1874. 
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Laube, and Etheridge, were described in the essay on the fossil 
Madreporaria, it is not necessary to refer to them again. 

i%r do I refer to the New-Zealand strata which have yielded 
]~chini, as they will probably form the subject of a future communi- 
cation. I have, however, noticed all the species of Eehini hitherto 
described; and I have carefully compared all the fossil species not 
only with their geological, but also with their recent representatives 
and allies. 

In doing this it has been necessary to absorb some genera, and 
to consider some species as varieties; and this proceeding has been 
forced upon me principally by the insight I have obtained into the 
variability of the recent Echini. Alexander Agassiz has placed me 
under great obligations by tim gift of his magnificent works on the 
revision of the Echini; and I have been able to determine some 
all 'cult points by the study of Lov6n's ' Etudes sur les Echinddg~s,' 
and especially those relating to the Hemipatagi now included in the 
genus Loven/a. 

II. L~st o/Spedes of the Australian ~ainozolc Det,oslts. 

1. Leioddaris australive, sp. nov. Cape Otway. 
2. Psammechinus Woodsi, Laube. Murray Cliffs. 
3. Paradoxechinus nevus, Laube. Murray CliffB. 
4. Temnechinus lineatu~, sp. nov. Mordialloc. 
5. Echinanthus testudi~rius, Gray. Lindenow, Mitchell River. 
6. Echinararhnius parma, Gray. Cape Otway, Cardies River. 
7. Arachnoida Loveni, sp. nov. Mordialloc. 
8. ,, elo~/atus, sp. nov. Mount Gambier. 
9. australis, Laube, sp. Murray Cli~. '~ 

(Syn. Monostych~a australis, Laube.) 
10. Echinolampas ovulum, Laube. Murray Cliffs. 
11..Rhynchopygus dysasteroides, sp. nov. Cape Otway. 
12. E c h i n o ~  australice, sp. nov. Cape Otway. 
13. Pygorhy~chus Vassali, Wright. East of Glenelg River. 
14. Catopygus elegans, Laube. Murray Cliffs. 
15. Holaster australis, sp. nov. Cape Otway. 
16. Maretia anomala, sp. nov. Mouth of Sherbrook River. 
17. Eupatagus rotundus, sp. nov. Murray Tertiaries. 
18. ,, Laubei, sp. nov. Mouth of Sherbrook River. 
19. ,, murrayotsis, Laube. Murray Cliffs. 
20. ,, Wrighti, Laube. Murray Cliffs. 
21. Lovcn/a Forbesi, Woods and Duncan, sp. Mount Gambler, 

Mordialloc, &c. 
(Syn. Hemipata~ Forbesi, Woods and Duncan.) 

,, ,, var. minor, nov. Mordialloc. 
Lovenla Forbe.~:, var. Woodsi, Etheridge. Mordialloc. 

(Syn. Hemipatagus Woodsi.) 
22. Schizaster ventrir Gray. Adelaide. 
23. Micraster brevlstella, Laube. Banks of the Murray. 
24. Megalaster compressa. Banks of the Murray. 
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Many spines of Echini have been found in the Cape-Otway and 
Schnapper-Point deposits; they appear to have belonged to species 
of the genus Goniocidaris, and possibly of Phyllacanthus and Ste- 
phanocidaris. 

Note.--I have not included those forms which, although "named" 
by Professor McCoy, have not been described or figured by him, as 
it is not permitted by the common consent of palmontologists. 

III.  Description of the new Sloedes. 

DESMOSTICHA. 

Family CIDARID2E. 

Subfamily G o z~ I o c 11) x 1~ I D m, Hiickel. 

Germs L]$IOCIDARIS~ Desor. 

L~IOCI])/LRIS AUSTRALIzE, sp. nov. Plate III .  figs. 1 & '2. 

The test is greatly and suddenly depressed towards the actino- 
some. The ambulacra are slightly wavy, narrow, and have four 
vertical rows of small miliary tubercles, the inner rows having the 
smallest tubercles; and the poriferous zones are sunken, the pores 
being conjugate, and each pair separated from its neighbours by 
a distinct ridge. 

The interambulacral tubercles are few in number, and most are 
very large ; the perforate mamelon is small in relation to the plain, 
large, conical and well-developed boss. The scrobienle is deeply 
sunken, elliptical, and is overhung by the serobicular circle which 
slopes down to the suture, being ornamented by radiating rows of 
two or three very small tubercles. The median interambulacral 
space is sunken, and the vertical sutures of the plates are distinctly 
marked by a lower space, which is in a zigzag from above down- 
wards. The upper large tubercles have a smaller serobicular area 
than those in the middle of the test; and the tubercles diminish 
rapidly in size towards the actinosome. 

Locality.--Cape Otway, No. 5 Section. 
The generic diagnosis of Doi'oddaris, to which genus the species 

has very great affinities, is given in A. Agassiz's ' Revision of the 
Echini,' pt. i. p. 254, and concludes with the determination, "Pori- 
fcrous zone narrow, undulating, with disconnected pores." The 
pores in the species now under consideration are certainly conju- 
gate ; and in this they resemble Desor's genus Leiocldaris. Evidently 
these two genera are doubtful subgen era of Cidaris; but there are 
reasons for adopting them provisionally. 

The resemblance of the portion of the test preserved in the soft 
sandstone to a corresponding part of the very variable Doror 
papillata of the Atlantic, Florida sea, and the Mediterranean is very 
remarkable; but the fossil form evidently comes under the  genus 
Leiocidaris, Desor. 
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Family ECHINIDrE.  

Subfamily T ~. M ~ o r L P- v R I D m, Desor. 

T m ~ Z a l m m  LINZATVS, sp. nov. Plate I I I .  figs. 3-5.  

The test is small, depressed, rather pentagonal in outline, and the 
ambitus is rounded. The actinal surface is slightly rounded from 
the ambitus to the mouth, but on the whole is fiat. The inter- 
ambulacra are twice the width of the ambulacra at the ambitus, and 
about one third broader at the actinosome. The pores are in a ver- 
tical row and slightly oblique, and their zones are sunken. The inter- 
ambulacra have two rows of primary tubercles, which are small and 
imperforate. Each row is separated externally by a crowd of closely 
placed secondaries from the poriferous zone, and by a much wider space 
from the other row. This space is marked by ridges which radiate 
from the top and base of the primaries, and which have secondary tu- 
bercles upon them and between them. The ridges run parallel courses 
between the distant primaries, and are narrow, but support from 
four to six secondaries. There are short ridges between the pri- 
mary tubercles in each vertical series, which also carry one or 
more secondaries. Transverse and elongated spaces exist on one 
side of the primary tubercles at the ambitus and elsewhere where 
this ornamentation is not seen. The primaries of the ambulacra are 
in two vertical rows, each being close to its poriferous zone. Their 
ornamentation by ridges and secondaries is the same as that of the 
interambulacra ; but the ridges which pass off towards the poriferous 
zone, cross it and separate the pores in vertical series. All this orna- 
mentation is exsert and the plain surface of the test may be seen 
between the ridges. Around the base of the boss of the large tuber- 
des the ridges often close in and produce a crenulated appearance. 

Height of test 1-~ inch, breadth ~6 inch. 
Locality.--Mordialloc, No. 1. 
In classifying this species in the genus Temne~/nus, I have been 

led by A. Agassiz, in his admirable criticism on this group of the 
Temnopleuridm (op. cir. p. 286). He mentions that D'Arehiac and 
Halme have figured from the Nummulitic formation of India a 
number of species which are usually referred either to Temnopleuru$ 
or to Opechinus, but which belong to this same genus Temnechinu~. 
Probably Paradoxechinus horus, Laube, is one of these, and has 
had its ornamentation irregularly distributed. 

Suborder CLYPEASTRID~E. 

Family EUCLYPEA STRID2E. 

EcmmANTnvs Tm~D~AmUS, Gray. 
A large Echinoderm from the Mitchell-River Tertiaries, in Eastern 

Victoria, so closely resembles the modern form from Brisbane, 
Japan, the Sandwich Islands, and California, which has been termed 
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by some authors Echinanthus testudinarius, and by others Clypeast~ 
testudinarius, that there can be no hesitation in identifying this fossil 
with that species. Except in some slight pOints in which there is 
great individual variation in the recent forms, the fossil agrees with 
those which Gray called Echinanthus testudinarius and E. australioe, 
the latter of which has been absorbed by the former*. 

The species is interesting from its close resemblance to a Clyloeaster ; 
but it has no pores close to the sutures of the plates within the 
ambulacra on the actinal surface. 

Locality.--Lindenow, Mitchell River, Eastern Victoria. 

Family SCUTELLIDYE. 

AR•CHNOIDES Lov'sNI, sp. nov. Plate I I i .  figs. 6 & 7. 

The test is roundish, subpentagonal, flat, rising slightly towards 
the apical disk, and slightly concave on the actinal surface. It has 
the same longitudinal and transverse diameter. The apical disk is 
slightly in front of the centre. 

The ambitus is sharp, and is incised at the end of each ambu- 
lacral groove ; and there is a rounded excision at the periproct, which 
is  just under the margin. The ambulacra are grooved longitudinally, 
and swell up on either side ; and they occupy about an equal space 
with the interambulacra, where they are comparable. The poriferous 
zones reach about halfway to the ambitus, and are broad and turn 
in slightly. The ornamentation in the ambulacral spaces is oblique 
and banded, but it is without any order on the interambulacra. 

On the actinal surface this oblique ornamentation is seen on 
either side of the ambulacral groove ; and this groove enlarges near 
the peristome, which is subcircular. Traces of sph~eridia on one side 
of the groove are observed. 

Length of large specimen 2 l-2~r inch ; breadth 2 ~  inch. 
Locality.--Mordialloc, Section 2. No. 1 and No. 3, and from soft 

yellowish white limestone at the mouth of Curdies River, about 
30 miles east of Warumbool, which is in the upper part of a series 
underlain unconformably by Miocene calcareous clays. 

This species, eminently Arachnoidean, has, however, more de- 
fined excisions on the ambulacra at the ambitus than either of the 
living forms, A. placenta, Linn., and A. zelandice, Gray--the one from 
the whole eastern coast of Australia, and the other from :New 
Zealand. The situation of the periproet is variable in the genus 
Arachnoides, and is not invariably supramarginal. It  may be marginal 
and slightly sub- or inframarginal; and this last appears to be 
characteristic of the fossil forms. The resemblance between the 
ornamentation, the sph~eridia, the aetinal grooves, and the petals of 
the ancient and modern forms is very remarkable. 

* Gray, Proc. Zool. Soc. Lend. 1851, p. 35; A. Agassiz, Roy. Eehin. pt. iii. 
p. 514. 
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ARACHNOIDES AUSIT~LIS, Laube, sp. $ 

Syn. Mo~ostychia austra~is, Laube; alypeastcrfoliu~n, Dunc. nec 
Agass. ; ~lypeaster, sp., Woods. 

Laube, in his interesting paper on the fossil Echinoderms of 
the Murray Cliffs in South Australia (op. r p. 188), criticise~ 
Woods, who termed a fiat pentagonal fossil Clypeaster. This form 
was seen by myself; and from its imperfect condition I was led to 
believe that it was really a species common to Malta and some 
other European Miocene localities. Mr. Etheridge, after examining 
the specimen, concluded that Laube was correct in his criticism; 
for he determined that the form was not a Clypeaster, but a species of 
a new genus, Monost~/chia, Laube. 

A~er carefully examining all the specimens I have been able to 
obtain of this Clypeaster of Woods, and after carefully investigating 
the value of the genus Monostychia in relation to Laganum and 
~4rachnoides in the Scutel[idae, I have now come to the conclu- 
sion that they are not Clypeastroids, and that the proposed genus 
is too closely allied to Aradtnoides to be separated from it. Laube 
distinguishes Arachno/d~ from his genus because the first has five, 
and the latter only four genital pores ; but this is an error;  and he 
makes the position of the periproct of generic importance in spite of 
all the other great resemblances, this being an insufficient generic 
differentiation. 

I have therefore placed the Cl~/peast~" of Woods and myself, the 
Monost~/chia australis of Laube, in the genus Arachnoides. 

ARAC~OWm ZLONOArUS, Sp. nov. Plate HI .  fig. 8. 

This common fossil species belongs to the group which Laube 
would place amongst his Monosty~i~, but which, I think, fairly 
comes within the genus .Arachnoi(~. The test is longer than 
broad, and is pentagonal, incised at the ambitus at the posterior 
ambulacra and periproct, and faintly so at the ambitus of the other 
ambulacra. The apical system is eenfral. The test slopes very 
gradually upwards from the ambitus for a little distance, and then 
suddenly forms a sharp curve, whose sides are marked by the ambu- 
lacra and interambulacral spaces. The generative system and the 
madreporiform body are at the apex of a blunt surface. Each ambu- 
lacrum is divided by a longitudinal groove, that of the anterior odd 
one being the least developed ; and the ambulacral areas are rounded 
and rise above the interradial spaces. The ambulacra are wide ; and 
the poriferous zones form a curve on either side and externally, 
but their inner'edge is straight. The madreporiform body is large ; 
the genital pores are large, and four in number; the edge of the 
ambitus is rather blunt ; and the actinal surface is nearly fiat, except 
near the peristome, where it suddenly sinks. 

The periproct is just under the margin. 

* This species is described in Laube's essay on the Fossil Echinida from 
the Murray Cliffs in the Sitzungsberichte der kaiserlichen Akademie der Wis- 
menschaften, 1869, p. 190. 
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Length 1 ~  inch, breadth 1]~ inch, height ~ inch. 
JLocality.-----Mount-Gambier Limestone. 
Tl~e smaller specimens are flatter; in one the periproct is mar= 

ginal, and in another supramarginal; their ambitus is blunter than 
that of the large specimens. 

PETALOSTICtth. 

Family NUCLEOLID2]~. 

I~HI~CHOPYGUS DYSAS~ROIDES, sp. nov. Plate III .  figs. 9 & 10. 

The outline of the ambitus from the aciinal surface is ovoid, being 
rounded and broad anteriorly and narrower and slightly pointed 
posteriorly. This outline is less evident from the abactinal surface 
on account of the keel which passes from the vertex posteriorly, and 
of the slight roundness of the test on either side of it near the am- 
bitus. The test is thick in substance, and in general shape is 
rather depressed, but convex above and concave below. It  is 
arched from the front to behind the apical system, which is slightly 
eccentric to the front, but is slightly flattened anteriorly, and to a 
certain extent laterally above the amhitus. The arched shape is 
not so decided posteriorly, where, near the vertex, the keel starts ob- 
liquely backwards and downwards to overhang, at about one fourth 
of the height, the small transverse periproct, which has a flat and 
shallow groove. The greatest width is just behind the antero-lateral 
ambulaera ; and the mouth and apical system nearly correspond, the 
first being slightly more anterior than the other. 

The apical system is elongate; and the anterior and posterior 
pairs of generative pores are wide apart, the ocular plates of the: 
antero-lateral ambulacra coming well in between them (P1. III .  
fig. 10). Hence the posterior; lateral ambulacra are more distant 
than is usual in the Cassidulid~e. The anterior generative pores are 
large, closer together than the posterior; and the madreporiform 
body is small, convex, and reaches just in front of the right ocular 
foramen. The posterior pairs of generative pores are wider apart 
and slightly smaller than the anterior, and are posterior (by the 
length of their own distance apart) to the ocular fora~ina of the 
antero-lateral ambulacra. The rectangular space between the an- 
terior and posterior generative pores is slightly depressed, the 
madreporic body forming however an elevation in it. This space 
is covered with miliaries and a few small tubercles. 

The ambulacra are long and narrow, being, with the exception of 
the anterior, which is slightly in a groove, flush with the test. The 
porfferous zones are lower, and are continued to the ambitus, the 
distance between the pairs of pores gradually increasing near th~ 
edge. 

The poriferous zones are narrow, and not so wide as the inter- 
poriferous ; and the pores of the inner rows are round and smallei" 
than the oval and more or less elongate kinds of the outer rows. 
They are conjugate. The pores of the odd anterior ambulaerum ara 

Q. J. G. S. No. 129. 
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less developed than the others ; and those of the inner or posterior 
zones of the lateral, posterior ambulacra are few in number towards 
the ambitus, to which, however, they extend. The ocular pores 
are well developed, and a miliary granulation covers the teat between 
all the pores and the interporiferous areas, a few scattered tertiary 
tubercles being there also. The tuberculation is small, and tubereles 
of the third order are the largest on the upper surface. They 
increase in number towards the ambitus, and are surrounded by a 
sunken scrobieule surrounded by miliaries. The keel is distinct, 
sllghtly angular, and reaches backwards so as nearly to overhang the 
ambitus. 

The concave actinal surface has a large sunken mouth, a plain 
band reaching from it posteriorly, and a distinct tuberculation at 
the edge of the test. 

Length of specimen 1 ~  inch, breadth 1-~, height A~. 
Locality.--•o. 5 Upper Coralline Beds, Castle Cove, near Cape 

Otway. 
The resemblance of this species to Rhynchopygus padfwus, Ag. 

(Rev. Ech. Part i. p. 153 and Part iii. p. 554), is very decided in 
some points ; but it differs from it and from the species from the 
Caribbean Sea by having an elongated apical system, and in the 
separated apical ends of the lateral and posterior pairs of ambulacra. 
This Dysasterian peculiarity resembles that of Hyboclypus, which 
may be said to be a Galerites with an elongated apical system, thus 
uniting this last genus to .Ananchytes. The Australian Lower 
Cainozoic .RhynchoTygus is unlike all the other species of the genus 
in this special peculiarity. The genus is represented in the 
Gault, in the uppermost Cretaceous rocks, and in the Tertiary tuff of 
Guadeloupe; and the recent forms are from the Caribbean and the 
Pacific coast of America. Were it not for the strong generic 
resemblance of the new species, the nature of the curious ancl 
suggestive apical system might determine the formation of a new 
genus; but it is perhaps most advisable to retain the form where 
it is placed, so as to make it a passage species from one great group 
to another. 

Genus ECaI~OBRISSrS, Breyn, 1732. 

.Nucleolites, Lamk. (part.). 

F.Cml~OVRISSVS AVST~AI~, sp. nov. Plate I I l .  fig. 11. 
The test is depressed and stout, and the outline of the ambitus is 

elliptical. Seen from above the posterior end is slightly produced, and 
the anterior is rounded. The vertex is central, and the apical system 
is anterior to it. The petals are lanceolate and narrow ; the anterior 
extend rather more than halfway down the test;  the posterior 
are about the same length; and all are open. The Poriferous zones 
are of uniform breadth; and the interporiferous space is nearly of 
the breadth of one of the zones : it is very slightly raised so as to 
prevent the ambulacra being flush with the test. The pores are 
subequal ; those of the ilmer row are round, whilst those of the 
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outer are oval in outline; some are faintly conjugate, and others 
not so : the extension of the outer rows of pores beyond the petals 
and towards the ambitus is scanty. The anal furrow reaches nearly 
to the vertex ; and the opening is triangular in outline, the upper 
angle being slightly rounded, whilst the base is below the level 
of the ambitus, with which it does not interfere. The ambitus is 
rounded, and the actinal surface is concave from side to side, and 
from before backwards, the slope being towards the aetinosome, 
which is small, eccentric in front, transverse and elliptical in out- 
line, the posterior lip being rather straight and on a level with the 
anterior. The floscelles are small. The tuberculation is small 
everywhere, and smallest in the anal groove. 

Height of specimen ~ inch, length ~ inch, breadth ~-~ inch. 
Locality.--No. 5, Upper Coralline Beds, Cape Otway. 

PY00RHY:NC:HUS YASSALI, Wright. 

A very perfect small specimen was found east of the Glenelg 
river, in a matrix of white limestone crowded with Polyzoa. I t  
resembles in its shape and details that figured by Dr. Wright, 
F.G.S., &e. in Quart. Journ. Geol. Soc. vol. xx. pl. xxii. fig. 6; 
and he considers the Maltese form there delineated to belong to the 
genus Pygorhynch~s. In the Australian and also in the Maltese 
specimen the periproct is longitudinal, and there is no floscelle; 
so that both are sufficiently anomalous members of the genus. 
Some remarks on the species and its allies are made further on. 

Locality.--F.ast of the Glenelg river. 

CATOP~SUS ~ N S ,  Laube, op. cir. fig. 7, and p. 190. 

This species has a pentagonal peristome, a well-developed flos- 
celle, and a kind of plastron. I t  is concave inferiorly, and this is 
rather anomalous. 

Locality.--The Banks of the Murray. 

Family SPATANGID~. 

H o m s ~  AVST~AT.I~, sp. nov. Plate III .  figs. 12 & 13. 
The test is ovoid in outline when seen from above, and is slightly 

grooved in front, and pointed and truncated posteriorly. I t  is 
rounded at the ambitus and over the apical part ; but owing to there 
being a keel between the actinosome and the posterior end, the 
greatest height is behind the apical system. The test is thick, and 
only marked above by one depression, for the anterior odd ambula- 
crnm. The apical system (P1. III .  fig. 13) is long and central, the 
antero-lateral ambulacra being widely separate, flush with the test, 
long and open, and widely separated from the posterior ambulacra. 
[[he generative pores are four in number, and the posterior pair 
are separated from the anterior by the ocular plates of the antero- 
lateral ambulacIa; on the other ha~ld the ocular plates of the pos- 
terior ambulacra are posterior to those pierced by the posterior. 

~ 2  
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generative pores. The anterior ambulaerum is in a shallow groove, 
and its small pores, rather crowded above, become more distant and 
larger towards the ambitus ; they are oblique in direction, round, and 
nearly equal, in pairs, being separated by a very delicate septum. 

The pores of the antero-lateral" ambulaera are small, equal, 
round, and wider apart and larger towards the ambitus, where the 
zones are wide apart. The posterior pair of ambulacra are rather 
close ~gether, and the pores resemble those of the others. The 
periproct is small and situated in the truncated posterior part. The 
actinesome is at the anterior third;  it is sunken, transverse, and 
the posterior lip passes into a prominent keel-like plastron. The 
ornamentation is very simple : there are no large or even secondary 
tubercles ; but small tertiaries and miliaries exist, generally scattered. 

Length 1�89 inch, greatest breadth a line or two less; height in 
front 1- ~ and behind ~ inch. 

Locality.ruNe. 5, Upper Coralline Beds, Castle Cove, Cape O ~ a y .  

~OXALA, sp. nov. Plate IV. figs. 1-4. 
The test is thin, depressed, and the outline from above is irregu- 

larly oval and rounded anteriorly. There is a slight indentation at 
the ambitus, made by the shallow anterior groove ; and the shape is 
rather angular posteriorly in the anal region, and broadest midway. 
The sides of the test are sharply rounded, slightly angular. The 
abactJnal surface is highest posteriorly on account of the anal keel, 
which, being produced backwards, is also sloped and depressed ante- 
riorly between the posterior petals. The apical system is small, and 
the four large genital openings are close to each other (P1. IV. fig. 1), 
the madreporiform body passing backwards; it is in advance of the 
centre and anterior to the depression already noticed. The anterior 
and shortest petaloid ambulacra are lanceolate, and are almost 
transverse. The periferous zones slope up to raised, broad inter- 
poriferous zones; and the external rows of pores are the largest, 
and usually more oval than round. The posterior rows are better- 
developed than the anterior, which are imperfect near the apical 
system. About 21 rows of pores exist, all of which are conjugate. 

The posterior ambulacra are long, broad, flush, and wider 
posteriorly than anteriorly; they are nearly parallel with each 
other, and bound the keel on either side. The external pori- 
ferous zones are curved; the internal are much less so; and the 
interporiferous zones are much broader than those of the antero- 
lateral petals, and there are traces: of two or three large secondary 
tubercles within their area. The odd anterior ambulacrum is nearly 
flush with the test, except at the ambitus, where there is a slight de- 
pression ; its pores are numerous near the apical system, and are 
very small; elsewhere they are very rare. This ambulacrum is bounded 
externally by plates rather raised above the general level; they are 
tuberculate with large crenulate and perforate miliaries, and they 
separate it from the plates with the large tubereles of the anterior 
interambulacra. The anterior interambulacra have several horizontal 
rows of large and of secondary tubercles mixed and increasing in 

California-San Diego on April 26, 2017
 at University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


AUSTRAI,IAN CAINOZOIC (T'EllTIkRY) D~,POSIT8. 53  

number towards the ambitus. The larger tubercles have a swollen 
scrobicule, a crenulated boss, and a small perforated mamelon, and 
the upper extremiby of the boss has its crenulation projecting up- 
wards and outwards like a frill (P1. IV. figs. 3 & 4). The spaces 
between the tubercles are more or less crowded with larger miliaries ; 
and these are again surrounded here and there by smaller. In the 
lateral interambulacra there are also several rows of the same kind 
of tubercles as in the anterior; the rows contain more tubercles, 
but do not approach the ambitus or the apical system more than 
do those of the anterior spaces. In the interambulacral spaces, be- 
tween the large tubercles and the apical system are crowds of large 
and small miliaries. 

The ambitus is sharply curved from above downwards, and is 
rendered irregular in its outline by the slight projection of portions 
of it from which the tuberculation of the actinal surface radiates in- 
wards. On this surface (P1. IV. fig. '2) the posterior ambulacra are 
bare and broad, and coalesce, forming a broad bare aetinal shield, a 
few miliaries only existing. As a whole the actinal surface is flat, 
the mouth being very slightly sunken, and that only anteriorly ; but 
between the ambulaera just noticed is a projecting plastron covered 
with secondary tubercles at the sides, and with miliaries on the 
top of its keel. The ac~inosome is large, elliptical, broader than long, 
and the sides are rounded and project slightly backwards. The 
posterior lip projects slightly, and has large miliary tubercles on it. 
The anterior phyllodes are well developed, and extend nearly to the 
edge of the test; and the posterior are recognizable by one or two 
large slit-shaped pores. The tubercles of the actinal surface radiate 
in lines from points in the lateral and anterior interambulacra at the 
ambitus, and the tubercles increase in size as they approach the 
actinosome with its comparatively bare surrounding plates. A very 
ill-developed, extremely narrow fasciole (visible under a magnifying 
power of 10 diam.) is seen on part of the test below the tubercular 
area. The frill-like crenulation is present on the actinal surface. 

Length 2~ inches, breadth 2~ inches; height at posterior part 
1-~ inch, at apical system ~o-inch. 1 Locahty.--'Mouth of the Sberbrook river, with Eupatagus Zaube~. 

The resemblance of this form to Maretia planulata, Gray, is per- 
fect, with the exception of the partial and extremely small fasciole. 

F~urxTx~vs ~OTV~DVS, sp. nov. Plate III.  figs. 14-17. 
The test is thin, and the outline of the ambitus is nearly circular, 

there being a slight flatness posteriorly where the anus is situate on 
a truncation which slants slightly from above downwards and in- 
wards. The vertex is nearly central, and thence there is a slight 
slope to the apical system ; the slope continues anteriorly, and then 
dips down suddenly to the ambitus. Behind the vertex a keel 
passes backwards horizontally.beyond the line of the posterior am- 
bulacral petals, and the slope increases to the margin of the peri- 
proct. The rest of the posterior part is obliquely truncate, the 
surface of the truncation being slightly concave from side to side. 
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The periproct is large and high up. The height of the vertex 
is about ~ of the l en~h  of the test. On either side of the vertex the 
test slopes down in a bold curve to the ambitus. The apical system 
is eccentric and in advance of the vertex, and is slightly depressed 
(PI. III .  fig. 15). There are four large genital openings : the two 
anterior are closer together than the two posterior, which are sepa- 
rated by the madreporiform body, which extends beyond the pos- 
terior ; they are large, and each is more or less perfectly surrounded 
by a circle of miliary tubercles. The ocular pores are large, and 
form the angles of a pentagon which incloses the generative tract. 
There is no groove for the odd anterior ambulacrum, which spreads 
out towards the ambitus, being bounded laterally by a faint ridge on 
either side, and crossed by the peripetalous faseiole at about ~ of 
the whole distance from the ambitus to the apical system. There 
are a few pores crowded near the apex of the ambulacrum, and a 
few widely apart between it and the faseiole. 

The anterior pair of petals are widely divergent, lanceolate, 
slightly pointed externally; and their poriferous zones are sunken 
and broad, the hinder ones being the broadest. The pores are 
rudimentary in the upper part of the front zones ; and elsewhere they 
are largest in the hinder zones. The pores are nearly round, the 
external row being more or less ovoid ; they are conjugate, and the 
ridges intervening between the pairs are raised and ornamented 
with m iliaries. There are from 24 to 26 pairs of pores in the 
posterior poriferous zones of these ambulaera. The interporiferous 
space is slightly broader than the posterior poriferous zone, is convex, 
and ornamented with large miliaries. The posterior pair of petals, 
rather close to each other, are slightly shorter than the anterior ; 
they are broader, however, and less pointed at the end. The pori- 
ferous zones of these posterior ambulacra are sunken, and are nearly 
equal in breadth; there are the same number of pores as in the 
anterior ; and the other details are much the same in both. The 
interporiferous zone is broader than in the anterior pair of ambula- 
cra, and is convex and rather above the ordinary level of the test. 

The peripetalous fasciole (P1. III .  fig. 15) passes round the ex- 
tremities of the lateral and of the posterior petals, and across the odd 
anterior ambulaerum; it passes behind the posterior petals in an 
irregular course, but on the whole it is elliptical in its outline in 
the posterior half, and rather angular and wavy in the anterior. I t  
is situated nearer to the apical system than to the ambitus, except 
anteriorly, where it is nearest to the ambitus. The tubereulation of 
the abactinal surface below the fasciole is uniform, and the tubercles 
are smaller near the fasciole and larger towards the ambitus ; every- 
where they are crowded, and in many places there are vacant spots 
like crescent fascioles. The small secondary tubercles in this part 
are perforate and crenulate, and the scrobicule is often imperfect and 
oblique, whilst there may not be a perfect miliary scrobicalar circle. 
Above ihe fasciole and in the posterior interambulacral space the 
tuberculation is small, and like that of the interporiferous zones, 
there being neither large secondary nor primary tubercles. In  the 
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anterior and in the antero-lateral interambulacra there are large 
primary and secondary tubercles irregularly arranged and sparsely 
distributed, but occupying the whole of' the spaces. The primaries 
have a perforated mamelon, crenulated boss, and a fiat scrobicule. 
The edge of' the ambitus is rather sharply rounded. The actinal sur- 
face slopes upwards in front anterior to the mouth, and is more or 
less convex posteriorly, on account of the sharp keel of the posterior 
extremity of the interambulacral actinal plastron. The mouth is 
slightly sunken anteriorly; and the posterior lip is rounded and 
projects downwards slightly, being, unlike the rest of the circum- 
ference of the opening, very tuberculate (Pl. III. fig. 16). The 
actinal anterior and lateral ambulacra form short and almost smooth 
avenues; and the posterior ambulacra form wide, almost smooth 
bands extending from the subanal faseiole on either side of the keel 
to the sides of the mouth and behind the posterior lip. The anal 
system is large, and almost circular in outhne, and is situated in the 
obliquely truncated posterior extremity, of which it occupies nearly 
one half (PI. III. fig. 17). The subanal fasciole is closed, heart- 
shaped, and reaches to the point of the keel of the plastron. The 
poriferous areas of the anterior odd and paired ambulacra on the 
actinal surface show a few slit-like pores surrounded by a scrobicule- 
like rim, which occupy the position of large tubercles. There are 
also corresponding pores in the posterior ambulacral zones close to 
the mouth. The tuberculation of the anterior interambtdacra ou 
the actinal surface is larger near the mouth, and so is that of the 
lateral interambulacra; but the tubercles diminish in size and in- 
crease in number towards certain points on the ambitus; within 
the posterior actinal interambulacral space the tubercles radiate 
from the point of the keel, and the largest are the remotest from it. 
The mouth is large, broader than long, curved in front, and en- 
croached upon behind by the projecting posterior lip. 

Length 2s inches, breadth 2Tz0, height of vertex 1 ~  inch. 
Locality.--Tertiaries of the Murray river. 

"~,UPATAGUS "LAUBEI, sp. nov. Plate III .  fig. 18. 

The test is thin, depressed, elliptical in outline, but narrow and 
somewhat pointed posteriorly. There is slight truncation of the 
posterior interambulacrum. The antero-lateral and posterior 
petals are nearly equal in length and breadth, and are lanceolate, 
the anterior pair diverging more than the others. The poriferous 
zones of both ambulacra are equal in breadth, are slightly sunken ; 
and the anterior poriferous zone of the antero-lateral petals is the 
smallest. The pores are conjugate, those of the antero-lateral zones 
being the largest ; and in both ambulacra those of the inner row are 
rounder and smaller than those of the outer, there being 13 or 14 
rows in each petal. The interporiferous zone is slightly convex, 
and has miliaries and third-sized tubercles ; and miliaries crowd the 
elevations between the successive pairs of pores. The anterior odd 
ambulacrum is nearly flush, bounded by tubercles larger than those 
within its area, and contains a few pores. The apical system if 
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very small, and nearly central; there are four generative pores, 
the posterior pair being the widest apart, and the madreporiform 
body passing between them. The peripetalous fasciole is narrow, and 
incloses a cordiform space�9 Tuberculation small everywhere; but 
there are larger tubercles grouped within than without the fasciole, 
and they become smaller towards the sharply rounded ambitus. 
The ac~_nosome is well in front, the anterior part being sunken; 
the phyllodes are distinct ; the plastron is nearly smooth; and the 
tubereulation of the actinal surface, which is throughout small, 
becomes larger remotely from the ambitus. 

Height ~ inch, length 1T~ inch, breadth 11-~ inch. 
�9 Locality.--Section 1 mile west of the mouth of the Sherbrook 

river, lower part of cliff. 
The small tubercles, the depressed shape, the equal size of the 

petals, the very thin fasciole, and the far forward mouth distinguish 
this species, which I have dedicated to the excellent palmontologist 
Prof. Laube. 

The next group of Australian Eehini is very characteristic of the 
Tertiary marine deposits of the southern provinces. Members of it 
have been found in the corresponding formation of New Zealand, 
in the later Tertiaries of Java, and in the Eocene, Miocene, and 
PHooene strata of Europe. 

Genus L o ~ ,  Desor, 1847. 

Syn. Hemipatagus, Desor, 1858. 

Desor originated the genus Hemipatagus amongst the fossil Eehini 
in 1858, to include some species of the old genus Spatangus , which 
had the following characters * : N  

"Little Urchins with large tubercles on the interambulacral areas, 
like true ,~Tatangi, but with this difference, that none are found in 
the odd or posterior interambulacrum. The plastron is smooth, as 
if rubbed ; the petals are long and spread out ; there are four genital 
pores, and there are no fascioles." 

This diagnosis separated the group from Spatamjus , which has a 
subanal fasciole, and tubercles in all the interambulacral areas--and 
distinguished it from F~patagus, which has its posterior interambu- 
lacrum without tubercles, and a subanal as well as a peripetalous 
fasciole. The distinctness of the group was evident enough, al- 
though the generic value given to it was a matter of doubt. 

Gray t  had in 1855 described a fine recent Eehinus under the 
new generic title of Maretia, and his diagnosis brought it into close 
relation to 2Yemipatagus, Desor. I t  has the generic characters and, 
in addition, an indistinct subanal fasciole ; but the test is flattened. 

In 1873 A. Agassiz noticed the close resemblance of the ltemi- 
patagi and Maretia, and, considering the subanal fasciole of no 
moment, determined their identity. 

' Synopsis des Echinides,' p. 416. 
? Cat: Eec. Echini, Brit. Mus. 
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Laube stated (op. cit.) that there is a spectacle-shaped fasciole in 
Hemi_patag~ ; and then R. Etheridge, jun., in 1875, writes, "Below 
the anal orifice is a spectacle-shaped fasciole carrying on each side 
a circlet of primary perforated tubercles." They thus brought the 
genus into actual identity with Maret~z, which, however, was not 
known then to be represented in any fosslliferous deposits, and which 
was supposed to be a recent form. 

Recent investigations upon some wonderfully perfect specimens 
have enabled me to add to Laube's discovery the existence of an 
internal fasciole ; and it is therefore necessary to take the group 
away from S patangus and Maretia, according to the ordinary rules 
of classification (although much may be said to the contrary in a 
classification founded on heredity), and t~) place it in the neigh- 
bourhood of Breynia and Echi~cardium~ under the head of Lovenia~ 
~eSOro 

Lovenia has the following characters : ~  
Test thin, elongate, arched, flattened, truncated posteriorly. Large 

tubercles upon the upper or abactinal surface, but not on the posterior 
interambulacrum ; and they are situate in deep and large scrobicules. 
The ambulacral'petals, in somewhat triangular and adjoining zones, 
form two crescents on each side of the apex. There are four gene- 
rative pores; and the anal system is more or less sunken in the 
posterior truncation. The anterior groove is slight. The actinal 
surface has large and other tubercles in deep scrobicules, forming 
a close pavement laterally ; the posterior end of this surface is orna- 
mented with regularly placed small tubercles ; and the floscelles are 
distinct but small. There is an internal fasciole and a subanal 
spectacle-shaped faseiole. 

The species hitherto described are Lovenia cordiformis, Lfitk., 
from Guayaquil and the Gulf of California, Lovenia elongata, Gray, 
Red Sea, Australia, and Philippines (Lovenia hystrix is probably the 
same as this)~ and Lovenia subcarinata, Gray, from China, Japan, 
and the Sandwich Islands. 

comparison of the details of some beautTifully preserved specimens 
of Echini from the Section at Mordialloc, on the east shore of Port- 
Phillip Bay, which would have been classified as Hemi_patagi, with 
the diagnostic characters of Lovenia, proves the generic identity. 
Iu most specimens which have hitherto been collected, described, 
and figured, the surface has been exposed to attrition and weathering, 
and more or less of the fine miliary ornamentation which covers the 
whole abactinal surface has been removed. In many specimens 
there is not a trace of it left, and the divisions between the 
plates have become evident. This fine ornamentation reaches to 
the ambitus, where it becomes coarser, and gradually enlarges on 
the actinal surface until the large primaries are reached ; but around 
the anal opening the ornamentation becomes finer, and the'miliaries 
are smaller and wider apart. The internal fasciole is composed of 
tubercles of about one sixth the size of the finest miliaries ; and those 
of the subanal fasciole are quite as small. 
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Considering that the abortion of the anterior poriferous zone of 
the antero-lateral ambulacra has been so often figured in Hemipatagus, 
it is remarkable that a more strict search after an internal fasciole, 
which could alone produce that peculiarity, has not been previously 
successful. The best Mordialloc specimens indicated it perfectly; 
and many old and worn specimens give indications of its presence 
now that one knows where to look for it. The subanal linear 
fasciole is situated just where the posterior and truncated (actina[) 
part of the test touches the surface on which the test rests ; hence 
it is readily worn off, after the spines have been removed, by the 
ordinary attrition to which fossils are subject. 

Some confusion has arisen in the nomenclature and in the specific 
distinction of the Australian Hemipatagi (now Loveni~) already 
known, owing to my communication to the Ann. and Mag. l~at. 
Hist., set. 3, eel. xiv. Sept. 1864, having been overlooked by Laube, 
whose admirable essay on the Fossil Echinida of the Murray cliffs 
was read before the Vienna Academy in 1869. He redescribed the 
same species which I had called Hemipatapus Forbesi, Woods and 
Duncan. In  1875 Mr. R. Etheridge, jun., described in the Quart. 
Journ. Geol. Soc. eel. xxxi. No. 123, p. 445, a species which he has 
called H. Woodsi, and in order to define it from H. Forbe.si had the 
latter figured in outline giving a side view. This figure does not 
correspond with mine in Ann. and Mag. Nat. Hist. ser. 3, eel. xiv. 
plate vi. fig. 3 ; nor does it with Laube's. Again, my figure and 
Laube's are not exactly alike; for a cert~in amount of variation 
must be conceded to all the species of this genus; and the figure in 
the 'Sitzungsberichte' has a more truncated and less depressed 
anterior front test than mine. Mr. Etheridge's figure is shorter 
and more truncated still, and approximates to his new species H. 
Woods/, so as in fact to restrict the specific diagnosis to the greater 
or less number of large tubercles with sunken scrobicules in the two 
lateral interambulacrM spaces on either side. 

Lanbe evidently had better specimens than those "from which I 
described H. Forbesi. It  appears, after an examination of a nume- 
rous series (35 to 40) of Hemipatagi from the Australian Terfiaries, 
that there are groups embraced under the species H. Wood.v/and H. 
Forbesi, Etheridge ; but they are connected by intermediate forms. 
There are H. Wooc~i, with fiat and with truncate ends, with oval 
or transversely elongated periprocts, with numerous tubercles in 
the lateral interambulacra or with few. The larger H. Forbesi 
resemble the H. Woodsi in shape, and have variable numbers of 
tubercles; and the number even differs on the opposite sides of the 
same individual. 

The depth of the anterior furrow, the distinctness of the subanal 
fasciole, and the width of the ornamentation included by the in- 
ternal fascio]e vary in specimens possessing perfect resemblances 
in other structures. The number of pairs of pores in the ambulacra 
is, in the majority of the specimens, as follows (taking 15 as good 
types) : - -  
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Pairs of Pores in 4mbulacra. 
Specimens. Antero-lateral. Postero-lateral. 

Small specimens with 4 large tubercles iu the lateral interambu- 
lacral space, 

With 5 tubercles, 

With  7 tubercles, 

1 . . . . . . . .  13 . . . . . . . .  10 
2 . . . . . . . .  ? . . . . . . . .  13 
3 . . . . . . . .  11 . . . . . . .  9 

I . . . . . . . .  I 0  . . . . . . . .  I 0  

2 . . . . . . . .  I I  . . . . . . . .  I I  

1 . . . . . . . .  1 2  . . . . . . . .  9 

2 . . . . . . . .  1 3  . . . . . .  1 0  

, .  , . , ~  ~ ~ 

2 ~ 1 7 6  . , . , ,  

Large specimens with 8 tubercles, 
. . . . . . . .  

2 . . . .  . . . .  

. . . . . ,  . .  

With 6 tubercles, 

With  13 tubercles, 

11 . . . . . . . .  11 
? . . . . . . . .  10 

11 . . . . . . . .  11 
11 . . . . . . . .  10 
12 . . . . . . . .  14 

1 . . . . . . . .  10 . . . . . . . .  12 
2 . . . . . . . .  11 . . . . . . . .  10 

1 . . . . . . .  . 14 . . . . . . . .  16 

LOVENIA FORBESI, Woods and Duncan. Plate IV. figs. 5-8.  

Syn. Hemijpatagus Forbesi, Woods and Duncan. 

Not as figured in Etheridge, Quart. J'ourn. Geol. Soc. vol. xxxi. 
t)1. xxi. fig. 8, but in Ann. and Mag. Nat. Hist. ser. 3, vol. xiv. 
pl. vi. fig. 3 e, f i  

Syn. Itemipatagus Woodsi, Etheridge, (a variety) vat. Woodsi. 
Syn. Hemipatagus Forbesi, Laube. 

From the Miocene tertiaries of the Murray cliffs. Mount Gambier 
Polyzoan limestone, east side of Port-Phil l ip Bay, near Mordialloc 
(see Etheridge, Quart. Journ. Geol. Soc. vol. xxxi. p. 447 for the 
section). I t  is a very common and variable species. 

L O V E N I A  FORBESI, var. ~INOR. 

After much consideration, and having had the opportmnity of 
examining numerous specimens, I place a small Lovenia, which is 
exceedingly variable in length, height, position of apical system, and 
number of tubercles in the species L. Forbesi, making i t  a good 
variety, vat. minor nobis. 

Some of the specimens are exquisite in their  ornamentation, and 
afford the following new points of structure, which necessitate the 
aborption of HemiTatagus in Lovenia : -  

The internal fascicle now observed for the first time in Itemipa- 
tagus forms an acute angle posteriorly, and just behind the madre- 
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poriform body, and then passes across the line of the posterior lateral 
ambulacra, turning forwards in the interambulacral space and being 
Visible thence to about midwaybetween the apical system and the am- 
bitus in front (P1. IV. fig. 8). The fasciole then crosses the ridges 
on either side of the odd ambulacrum and completes the circuit. 
The band of small granules constituting the fasciole is narrow, but 
very distinct; but the anterior transverse portion is not very marked. 
The cavity for the odd ambulacrum is moderately deep, and has on 
either side towards the apical system a ridge which is ornamented 
with numerous small tubercles encircled by miliaries. The abor- 
tion of the anterior poriferous zones of the antero-lateral ambulacra 
is evidently in relation to the presence of the internal fasciole. Our 
knowledge of the subanal spectacle-shaped fasciole (P1. IV. fig. 6), 
first noticed by Laube, and subsequently by ~r .  ~Etheridge, may be 
thus added to : - - I t  commences in a mass of miliaries on the sub- 
anal plates, and then passes outwards and curves downwards. The 
union is made with that of the other side by a narrow transverse 
line of granules, which, as a fasciole, passes across the intervening 
space. The curved upper part of the fasciole on either side is, in 
some specimens, prolonged inwards so as to incompletely include a 
space which is ornamented with small tubercles, the serobieules of 
which are separated by ridges. These tubercles have the mamelon 
very distinct ; and in their neighbourhood are smaller ones in more 
or less definite rows, and some in a part of a circle bounding the 
fasciole internally. 

The outer curve of this fasciole (on either side)is within the 
range of the posterior lateral ambulaerum, the plates of which, as 
they are continued t~ the ambit~s, pass down beneath the ornamen- 
tation of the outer part of the fasciole and the outer part of the 
included space. I t  results that there are five or six pores in these 
plates which appear within the fasciole (Plate IV. fig. 6), in a 
semicircle just on it~ inner edge. They are distinct in worn speci- 
mens, and can usuallybe distinguished in others close to the tubercles. 
The periproct may be round, ovoid, or elongated transversely; and 
the subanal space may be high or low in the same variety of the 
species ; but in all, the ornamentation of the subanal space is very 
distinct, and consists of miliaries and a few very small tubercles. 

The peristome has the posterior lip edged with a ridge of plain 
ornament ; and behind this are rows of small miliaries succeeded by 
larger ones whose numbers become less and less. The posterior lip 
is bent downwards; and the anterior and lateral parts of the peri- 
stome pass upwards into the funnel-shaped cavity, which is semi- 
lunar transversely. 

The floscelle is tolerably well developed; and the pores are dis- 
tinct and belong to all the ambulaera, the anterior odd ambulacrum 
being nearly destitute of them; but it presents two pores on 
either side and the relics of the sph~eridial space. A very beautiful 
ornamentation is seen around the flescelle, in front especially; and 
it includes that of the larger first polygonal peristomial plate (inter- 
radial). This is slightly convex and has pretty millaries on it. 
Distinct but small tubercles with flat scrobicules are in and around 
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the floscelle; and the pores represent an absent boss which is replaced 
by the slit. 

The ornamentation of the plastron (actinal) is very. beautiful 
(P1. IV. fig. 7). There is a triangular space in front of the trans- 
verse part of the subanal fascicle which has a slight median and 
central projection covered with small tubercles; and all around it 
the tubercles radiate, becoming large and having definite scro- 
bictflar circles and flat scrobicules until the edge of the space is 
reached. This ornamentation is restricted to parts of the second 
posterior interradial peristomial plates, and partly t~ the third on 
either side, they being crossed by the fascicle. The first plate is 
faintly marked with transverse ridges and distant miliaries. 

The ambulacral plates on either side of these plates are narrow ; 
and their ornamentation is composed of distant miliaries. 

Finally, the shagreen appearance of the whole test, caused by the 
minute granular tuberculation, is remarkable. 

The localities whence Lovenia Forbesi and the varieties Woodsi 
and minor have been obtained are numerous. Thus the Murray 
cliffs have yielded the first two forms, Mount Gambier and the 
Hamilton Tertiaries and the Mordialloc sections No. 1, 2, 3, and 4 
the same, the last yielding also the var. minor. 

Genus SffIIIZAST]~R, Agassiz. 

A large specimen, partly in the form of a cast, but with the details 
very well preserved, came from the "Adelaide district." I t  belongs 
to this genus ; and from its resemblance to/~chizaster ventricosus I 
am disposed to give it that specific name. 

SeHIZXST~.R WN~IC0SUS, Gray, Cat. of Echinida, p. 60. 

Dr. Gray obtained his specimen from Australia; but the species 
is more common to the north and east, in Siam, the Philippines, and 
the Fijis. 

Genus M~GAT.ASTER, gen. nov. 

The test is elliptical in outline, deeply incurred anteriorly and 
slightly truncate posteriorly. I t  is long, broad, but depressed ; very 
fiat inferiorly, and sloping sharply from the ambitus upwards. 
The apical system is in advance of the centre, and the test slopes 
on all sides from i t ;  it is small in relation to the dimensions of the 
test, and there appear to be four small generative pores. The am- 
bulacra are closed, petaloid, deep, and small for the size of the test. 
The anterior ambulacrum is aborted, and the anterior groove is 
broad and very deep at the ambitus. The other ambulacral petals, 
which are closed externally, are very deep and slightly flexuous, 
and the anterior pair diverge more than the posterior. The peri- 
proct is large, elliptical, transverse, and situated above the margin 
in a small truncation. The mouth is large, transverse, and placed 
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close to the notch of the anterior ambulacrum. The posterior lip is 
sharp and slightly projecting. The tuberculation is very small. 
l%scioles are not apparent. 

:Fig. 1.~Megala~ter com pressus, abactinal surface, one half the 
natural size. 

]KeOAZASrSR COX~SSVS, sp. nov. (woodcut, fig. 1). 

The test is comparatively fiat; and there is a marked depression 
�9 behind the abactinal area and between the posterior pair of ambu- 
]acra. The antero-lateral smbulacra are slightly longer than the 
posterior, and in both sets the pores are very small near the apical 
system. The poriferous zones have the external pores elongate, and 
very few pores exist beyond the petals. The ocular pores are nearly 
as large as the generative. 

Length of test 4 4 inches, breadth 4~2 inches, height 2 inches. 
Locality.--Banks of the Murray. 

IV. The Genera of Eehinodermata of the Australian Tertiary and 
Recur Faunas. 

Subordere and Families. Tertiary Genera. :Recent Genera. 
DESMOSTICHA. [ Phyllaean~us. 

CIDARID~e . . . . . . . . . . . . . .  Leiocidar~. ~ Goniocidaris. 

( CentrosteF)~am~. 
) EcMnometra. 

DXa~U'RU,*TID.~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  )Strongyloeentrotus. 
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Suborders and Families. Tertiary Genera. Rec~nt Genera. 
I Mic~'ocyphus. 

8almacis. 
PsammecMnus. [ J Amblypneustes. 

]~cmNn)~ . . . . . . . . . . . . .  ParadoxecMnus. ~ ~] ttolotmeustes. 
Temnechinus. t Echinus" 

[. JEuechinus. 
CLYPEASTRID,~. 

JEUCLYPEASTRIDAE . . . .  JEchinanthus. 

f ~EcMnarachnius. i 
SCUTELnID~ . . . . . . . . . .  [ Arachnoides. 

( Echinolampas. 
PETALOSTICHA. [ ~hynchopygus. 

NUCLEOLIDA~ ~ .Echinobrissus. 
. . . . . . . . . .  t~.l.qorhynchus. 

[ Catopygus. 
( ttolaster. 
| Maretia. 

[ JEupatagus. 
SI:'ATAN GID.~i~ . . . . . . . . . .  ~ Lovenia. 

Micraaer. 
Me.qalaster. 
8chizaster. 

t Fibularia. Echinanthus. 
Laganum. 
Peronella. 

Arachnoides. 

I Echinobrissus 

J 
JEupatagus. 
Zovenia. 
.EcMnocardium. 
JBreynia. 
Metalia. 
Schizaster. 
Zinthia. 

V.  Lists of  St)edfic Alliances. 

63 

List of Species common to the Cainozoic (Tertiary) and Recent 
Australian :Faunas. 

Echinanthus testudinarius, Gray. 
Echinarachnius parma, Gray. 
~chizaster ventricosus, Gray. 

Alliances of the Cainozoic Australian :Eehinodermal fauna to the 
:Recent fauna of Australia and neighbouring seas. 

Allied to 
.4rachnoides Zoveni . . . .  ~ Arachnoides Tlacenta. Australia and New 

australi(~. ( Zealand. 
JEchinobm'ssus australiev. .Echinobrissus recens. New Zealand. 
JEchinolamTas ovulum. . ,Echinolampas oviformis. Red Sea, Moluccas. 
1ffaretia anomala . . . .  zllaretia planulata. ]~ast-Indian Islands. 
JEupatagus Zaubei . . . .  JEupatagus Valencienned. Australia. 
Zovenia Forbesi . . . . . .  Zovenia elongate. Australia. 
Zeiocidaris australi~e. . Z)orocidaris papillata. Worldwide. 
_Psammechb~us IVoodsi. ~Echinus magellanicus, South America and 

New Zealand. 

Species of the Australian Cainozoic fauna with decided affinities 
to European and Asiatic Cretaceous species. 

Allied to 
Zdocidarls auslraliee . . . .  Cidaris lZorchhammeri. 
_~hynchopygus dysasteroides Several forms from the Gault. 
.Ecldnobrissus australi~e . .  Cretaceous Nucleolites. 
Catopygus elegans . . . . . . . .  Catopygus of South-Indian Cretaceous. 
_Holaster australi~e . . . . . .  Holasters of South India and Caucasus. 
Micraster brevistella . . . . . .  Cretaceous Micrasters. 
Megalaster compressus . . . .  Cretaceous Cardiasters of South India. 
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Species of the Australian Cainozolc fauna with at]~nities to the 
Nummuli~ic faunas of Europe and India. 

TemneeMnus lineatus. 
2~/gorhynchus Vassali (and in Miocene of Malta). 
Eupata~ rotundus. 
I~venia Forbes,. 

VI. Rmnarks on the ~'p~z/es. 

LRioc~x~as A V s ~ A ~ ,  sp. nov. 
This form has conjugate pores in the poriferous zone, and therefore 

is separable from its fellow and equally doubtful subgenus Doroci- 
dar/s of the genus Cidaris. These two divisions of G/dar/s, how- 
ever, are very useful. I t  is interesting to find the form in the 
Australian Tertiaries, especially when the necessity of recognizing 
the genus Phyllacanthus as almost a synonym of L e ~ a r / s  brings 
the Australian species P. annulifcr, P. dubius, P. imperialis, and 
P. vertidllatus into relation with it. The alliance is strongest with 
Phyllacanthus dubius, Brandt. This group of genera or subgenera 
has no species in the recent fauna to the south of Australia, or in 
the New-Zealand seas, and it belongs rather to the area of the 
warmer littoral tracts to the north, north-east, and west. The re- 
semblance of the fossil form to the Cidarkke of Malta, especially to 
G..Adamsi, Wright, is rather remote ; but, taken in connexion with 
the resemblances of many of the other fossil Echini of the Austra- 
lian area to the Maltese, it is significant of a singular homotaxis. 
This species is not without some resemblance to Cidaris Forch- 
hammer/, Desor, from the Upper Chalk (Danien) of France. 

PsA~tzt~z~rsus WooDsi, Laube. 
This species has been noticed by ~Ir. F.theridge, who has given a 

figure of its abactinal area in his "Australian Tertiary Echinoderms" 
(Quart. Journ. Geol. Soc. vol. xxxi. pl. xxi. fig. 10), and has thus 
added to Laube's descriptions and figures (op. r p. 185 and figs. 
1, la,  lb). Laube notices its resemblance to PsammerY~us monilis, 
Deft. (Falunian), and that Forbes considers this last to be a living 
Mediterranean form. The species is very like Eehinus maerotuber- 
cu/atus, Blainv., of the Mediterranean and Cape-Verd Islands ; and 
A. Agassiz (op. c/t. p. 492) notices the resemblance of this to the 
recent E,~inus ma!Tellanicus of New Zealand and South America. 
Moreover the affinity of P. Woodsi to Er~hinus ar~ulosus, Agassiz 
(olo. ~t. p. 489), is very dose. This last is an Echinus not to be 
distinguished from Psammechinus, and is found in the seas of the 
Cape of Good Hope, Mauritius, Red Sea, Philippines, and New 
Zealand. 

The dist~ction of Echinus proper and Psam~chinus is not even 
properly subgenerie (see A. Agassiz, op. tit. p. 490) ; and this has been 
felt by nearly every student of the Echinoderma~, from Forbes to the 
present time, whenever the recent and fossil Echini have formed part 
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of the same course of study. The affinities of this Psammechinus 
with small tubercles are with its congeners Echinus angulosus and 
E. magellanicu~. 

PARADOX~Cm~XVS ~OVVS, Laube. 
This I believe to be a badly grown Tem~zechi~ius allied to T. line- 

atus, nobis, from the Australian Tertiaries. 

TE~EOHINUS LINEATUS, nobis. 
This genus, so familiar to British pal~eontolo~sts, as being found 

represented by species in our Tertiaries, has lasted to Recent times, 
and one species occurs in the Australian Cainozoic deposits. Tem- 
nechinus maculatus, formerly Goniocidaris maculatus, A. Agassiz, is 
found at from 30 to 100 fathoms in the American seas, and is not 
without its affinities with the Australian fossil. These are generic 
only ; but the changes which occur in the ornamentation of this living 
species during its growth are sufficient to explain the impossibility 
of making accurate and arbitrary diagnoses. A. Agassiz notices the 
presence of Temnechinus in the Nummulitic of Seinde, under the guise 
of Temnopleurus or Opechinus. The affinities of this Australian form 
are therefore remotely with the Nummulitie forms to the north, and 
with the recent species in the Atlantic and the Crag forms. 

ECHINARACHNITS PARMA~ Gray. 
This ubiquitous species belongs to the recent faunas of both sides 

of the North-American area, and is found to the north of China and 
in the Australian seas. This vast horizontal range is in keeping 
with the fact of its being found in these Australian Cainozoic de- 
posits ; so that the form has no inconsiderable age. 

The other recent species are from California, Kamtschatka, and 
Japan. There is a fossil Echimzrach~dus which was collected by 
Mr. C. Darwin in the Tertiary deposits of Port St. Julien, Patagonia. 
It was described by Desor, and named by him E.juliensls. The 
periproct, in this instance, he states, is inframarginal and not mar- 
ginal ; and the shape is discoid and fiat like that of E. parma. The 
position of the anus depends on the stage of growth, and is not a 
specific distinction; and therefore it is as well to absorb Desor's 
species, l~evertheless the fact of the discovery in Patagonia is 
exceedingly interesting. 

ECHII~ANTHUS T~,STUDINARIUS, Gray. 
This species is also found in the recent fauna of the Red Sea, 

Borneo, Australia, Sandwich Islands, Japan, and California. T h e  
fossil specimen is large and very Clypeastroid in appearance. It i s  
impossible to ascertain the fossil alliances, as the genus which is so 
well defined in the Recent fauna admits of haft a dozen well-marked 
genera in the fossil faunas. 

ARACH~OIn~S Lov~NI, nobis. 
This Cainozoie species is distinct from the recent forms A. pZacenta 

and A. zelandive described by Gray ; for it has deeper incisions at the 
Q. ~. G. S. No. 129. F 
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ambitus in the ambulacral areas, and there is some variation re- 
garding the position of the periproct. This is not always supra- 
marginal, but may be marginal and even inframarginal, all the 
other attributes of the species being present. The other species I 
have described, Arachnoides elongat~s, links on the form described 
by Laube as a Mo~ostychht, which I believe to be a true species of 
this genus Arachnoides. 

EcKn~oI~PXS OVVLV~, Laube. 
This species is distinct from the modem Echinolampas oviformls, 

Gray, which is found in the Red Sea and Molucca seas. The genus 
has other recent species in the Florida sea and off the west coast 
of Africa. The fossil forms are principally Nummulitic in age ; but 
some are found in the other Tertiaries. The Hala range yields 
several species; and thus Echinolampas was very much in its proper 
area when it was living in the old Australian seas. Like most other 
forms with a great vertical range, it has a large horizontal one. 

I~HYI~CHOPYGUS DYSASTEROIDE8, nobis. 
This species has some very remarkable secondary peculiariHes 

which resemble in their curious nature the many Australian oddities 
of structure of forms of genera of worldwide distribution. The 
form has all the generic peculiarities of Rhy~whopygus; but its 
generative pairs of pores are widely apart. It has an elongated 
apical system; and this Dysasterian peculiarity recalls the genera 
Hybocl!/pus and Holectypus. The genus has a wide range in time, 
for it is represented in strata belonging to the Gault; and in space, 
for the recent forms are found in the Atlantic and Pacific seas of 
America. 

]~CHINOBRISSUS AUSTRALIa, n o b i s .  

This species is known at once by the elliptical outline of the 
ambitus, the faintly projecting ambulacra, and the small size of the 
tuberculation. It differs from Echinobrlss~s recens, Edw. (called 
usually .~'ucleolltes recens), a recent species from Madagascar and 
New Zealand ; for this has longer petals, round pores, flush ambu- 
lacra, a longitudinally elliptical anal furrow with a posterior edge 
nearly on a level with the edge of the test, and a large tubercula- 
tion. It  is distinguished from Echinobrisssus (Nucleolites) e pigonus, 
Mart., of the seas washing the East-India Islands, in which the 
actinosome is elongated longitudinally. Both of these recent forms, 
however, are closely allied to the Australian fossil species. There 
is a fossil species of this genus called Nucleolites papillosus, Zitt., 
from the Tertiary beds of the Waikato river in New Zealand ; but 
it is distinct from the Australian species (Zittel, Foss. Moll. und 
Echinod. aus Neuseeland, p. 62). 

The old genus .Nucleolites contained many forms which rendered 
its being broken up into others necessary; but the writings of 
Wright, Desor, and A. Agassiz show how unsatisfactory the present 
and the past classifications have been. The genus was formerly 
considered to belong to the Secondary ages of the world's history; 

California-San Diego on April 26, 2017
 at University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


AVSTR.~LIA~" CAINOZOlC (TERTIARY) DEPOSITS. 67 

but the recent species mentioned above are good forms, and are 
linked on to those of the Cretaceous rocks and Oolites by the Aus- 
tralian and New-Zealand species. I t  is this species, taken with the 
Holaster and Micraster of the fauna and the Dysasteroid arrange- 
ment in Rhynchopygu.% that gives the Cretaceous facies to part of 
the Echiuodermal fauna of the Australian Cainozoic strata. 

PYaORaY~CEUS V x s s ~ ,  Wright. 
This species is figured by Dr. Wright in his essay on the Maltese 

Echinoderms (Quar~. Journ. Geol. See. vol. xx. pl. xxii. fig. 6); and 
the Australian form cannot be distinguished from it. The periproct 
is longitudinal in the specimens from both localities; and there is 
no floscelle. The genus is essentially Tertiary; but :Forbes described 
one which is probably a Cassidulus from the Indian Cretaceous beds. 
Its species are numerous, and have been found in the Eocene of 
France and Biarritz, in the Miocene of Corsica and Malta,~in the 
Eocene of Georgia, and in the Miocene of Jamaica. I t  is not repre- 
sented in the Recent faunas. 

CATOPY~VS v.T,~GA~S, Laube (op. c/t. p. 190). 
This species has a concave actinal surface and a kind of plastron 

on the same surface posteriorly. These are unusual ; and the shape 
is like that of Pygorhynchus. The figure given by Laube resembles 
a Catopygus. This genus, so Cretaceous in Europe, thus appears to 
have lived in the Australian seas during the Miocene age and to 
have become extinct, unless it merged into Pygorhynchus, its near 
ally in structure. Its nearest ally in point of resemblance and 
locality is Gatopygus sulcatellus, Stoliczka (Cret. Echin. of Southern 
India, p. 26). 

HOZ/LSTER AUSTRk]',I~, nobis. 
This most interesting form has of course the Dysasterian genital 

arrangement ; and the pairs of pores are rather remote. The anterior 
furrow is very slightly marked at the ambitus, and is lost inferiorly. 
The test is rather pointed posteriorly. Hence the species is, as it 
were, between Holaster caudatus and 1t. indicus the former from the 
Lower Cretaceous of the Caucasus, and the latter from the Upper or 
Middle Cretaceous of Southern India. The genus has not previously 
been found in Tertiary deposits. 

MXR~TIA X~OM~X, nobis, is a very fine form of this Spatangoid 
genus, and is in every respect but one like Maretia planulata, Gray, 
of the China seas, West-Indian Islands, and Mauritius; it has, iu 
addition to the usual shape and ornamental characters, an extremely 
delicate and threadlike fascicle just above the ambitus. I t  is ap- 
parently not continuous, and is a lateral one. So small is it that I 
doubt the propriety of placing the form so closely resembling .~aretia 
in all other peculiarities in another genus. The genus is essentialy 
a Recent one, and is closely allied to the Tertiary Spatangoids. 

EUPATAGUS ROTUNDUS, nobis. 
The genus Eupatagus has four well-marked distinct species in 

F 2  
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the Australian deposits; and there is a Recent form, Eupatagu$" 
Valenciennesi, Agassiz, in the Australian seas. Two of the specms 
are described in this communication ; and the others are to be found 
in Laube's essay (op. cir. p. 195). E~q~atagus rotundua, mihi, is an 
exceedingly beautiful species and is a large form. E. Laubei is 
smaller, and with its small tubercles, petals of equal size, and the 
forward peristome is distinguished from all others. The genus is 
well represented in the Eocene, especially in the French and Indian 
Nummulitie. I t  occurs in the European Mid Tertiaries also. 

LovE~A Fo~r s I ,  syn. Hemipcttagus Forbesi, Woods and Duncan. 

The beautiful fossils from Mordialloc (which have all their orna- 
mentation perfect) prove that Hemipatagus is really a form of 
Lovenia. There is an internal faseiole and a subanal one also. The 
descriptions in the part of this paper which refers to the species are 
so full that it is not necessary to recapitulate here. The genus 
Lovenia (Hemipatagus included) is of some antiquity, as species have 
been found in the Nummulitic of North Africa, the Crimea, and 
Sinai, in the Miocene of Corsica, and of the Bavarian Alps. I t  is 
found in the Pliocene of Java and in the Cainozoie deposits of New 
Zealand. I t  is, as Lovenia, a Recent genus of great beauty ; and there 
are three species--one from the gulf of California, one from China, 
Japan, and the Sandwich Islands, and a third from the Red Sea, the 

�9 Philippines, and the Australian coast. 

A great Schizaster is found in the Adelaide Tertiaries, and it is 
undistinguishable from Schizaster ventricos,s of the Australian fauna. 

The Micraster noticed by Laubc and Etheridge is not unlike some 
European forms, and has a most Cretaceous appearance; but in a 
specimen in the British Museum there .are faint indications of a 
laterM fasciole. 

The new genus Megalaster is represented by one species ; it r e -  
cMls the Cardiasters, but there are generic differences in the relative 
size of the pores of the porifcrous zones, and in the absence of 
fascioles in the new form. Nevertheless the position of the mouth 
and the general shape recall the Cardiasters described by Stoliczka in 
his monograph on the Echinodermata of the Cretaceous deposits of 
Southern India. The size of the species is great, and perhaps is 
only surpassed by Phtgionotus at the present day. I t  is probabl); 
an extinct form, and was a remnant of the Cretaceous fauna which 
died out in the Miocene. 

VII. Condusi~s. 
I t  will have been noticed from the description of the species, and 

from the summary just given of their peculiarities and alliances, 
that the Australian Cainozoie Eehini are remarkable as a fauna. 
A portion of the assemblage looks very recent; another appears as 
if it had been selected from distant recent faunas ; and a third has 
an evident affinity, to that of the present Australian seas. Then 
the presence of such genera as Temnechinus, Echinolan~aa, Pygo- 
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rhynchus, and Eupatagus gives a Nummulitic-of-]~urope-and-India 
facies to the fauna, whilst the Cretaceous aspect is presented by 
Catopygus, Holaster, .Mieraster, and the ~hynchol~ygus with the 
Ananehytie-looking apex. 

I t  is evident that this Cainozoic fauna contains the elements of 
two previous ones, and that it foreshadowed a part of the recent 
Australian, whilst some of its species, with some modifications, re- 
semble those of the neighbouring seas. The general facies of the 
whole is older than is warranted by the geolo~cal position. 

Nearly all the genera are peculiar from their great vertical or 
horizontal range, the exceptions being in the cases of Arachnoides 
and Maretia. Two of the three species which are common to 
the Cainozoic and Recent faunas have a wide distribution in 
the Pacific, and one also in the Atlantic. Four of the species 
which resemble recent Australian forms to a certain extent are 
very characteristic. They are Leiocidaris australive, Arachnoides 
Loveni, Eupatagus Laubei, and Lovenia (Hemipatagus) Forbesi. 
They give the so-called Miocene facies, which, however, is suffi- 
ciently indefinite. This appearance is added to by the other species 
belonging to genera still existing in the neighbouring seas, the 
scattering of forms having been from South Australia to the east and 
especially to the north. 

Of 25 genera belonging to the recent Australian fauna only 7 
a~e represented in the Australian Cainozoie deposits--namely, Arach- 
~wides, Echinobrissus, EuTatagus , Zovenia, Schizaster, Echinanthus, 
and Echinarachnius. The most truly Australioid genera, and those 
which give the facies to the recent fauna, are not found in the 
deposits; for no species have been discovered of Strongylocentrotus, 
Microcyphus, Salmacis, Amblypneustes, and Holopneustes. These 
Echinoidea were not then on the area ; and their place was occupied 
by numerous Spatangoids, most of which foreshadowed those of the 
Recent fauna ; and these, from their range, are not very character- 
istic of it. 

The spines which were found, but not associated with their tests, 
resemble those of some recent Australian genera, such as Phylhwan- 
thus, Goniocidaris, Stephanocidaris and .Brissus: the nature of the 
spines of Leiocidaris australice from the Cainozoie is unknown. I t  
is not safe to argue from such resemblances concerning specific or 
even generic relationships; but nevertheless the presence of the 
spines should be an incentive to the further search for Cidaridm. 

I t  is interesting to find the fossil Echini affording the same 
evidences as the fossil corals respecting the affinities of the Cainozoic 
and recent Australian faunas. Of the 31 species of corals not one 
has yet been found in the recent coral fauna ; and out of 20 recent 
Australian coral genera, only three very worldwide ones are repre- 
sented in the Cainozoie deposits. 

I t  was remarked in the essay on the fossil corals that they ap- 
peared to have a facies of the fauna of the seas to the north of 
extratropical Australia; and this holds good for the Echini. The 
inference that there was then a warmer climate in the southern 
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districts and seas close by was deduced from the examluation of the 
shells by Mr. Jenkins (" Austr. Tert. Corals," Quart. Journ. Geol. Soe. 
1870, p. 318);  and the vegetation of the lignites which are at the 
base of the Cainozoie series is stated by Miiller and Etheridge to 
indicate a more tropical climate than the present. The proof of 
the former extension of the coral isotherm to the south of the area 
of these Cainozoie deposits has been afforded by the presence of reef- 
building fossil corals in the corresponding deposits of Tasmania ; and 
thus the existence of former warmer climates and warmer sea-tracts 
receives confirmatory evidence *. 

The geology of these Australian deposits was sufficiently described 
from the elaborate surveys of the Victorian gcolo~sts in the essay 
on the fossil Madreporar~a; and it is therefore not necessary to re- 
introduce the subject. :But it  is advisable to remember that  very 
considerable physical changes have occurred since the deposition of 
the strata containing the Madreporarian and Eehinodermal faunas, 
although some of the fossils are so very recent-looking. A vast 
outflow of basalt covered these Lower Cainozoics; and an upheaval 
took place of the coast-line of some hundreds of feet. Then the 
upper or gold-drifts collected on the basalt or on the strata where 
uncovered, they being the results of subaerial denudation. A 
second basaltic outflow covered these ; and the final elevation of the 
coast-line followed, the marine Cainozoics being found up to 600 
feet. Since then the rivers have cut valleys through these deposits, 
and the alluvium has collected in which and in contemporaneous 
caves the remarkable fossil Marsupial fauna has been preserved--  
a relic of the remote past foreshadowing the present fauna. Since 
then the climate has changed, and the coral isotherm is now 
many degrees to the north ; and probably since the lifetime of the 
Echini which form the subject of this essay, the worldwide eleva- 
tions and subsidences which terminated the Miocene have occurred. 

Fig. 1. 

2. 

8. 
4. 

6. 
7. 
8. 
9. 

10. 
11. 
12. 

EXPLANATION OF THE PLATF_~. 

PLATE III. 
Cidari~ (Leiocidari~) australia, sp. n., fragment, showing half an am- 

bulacrum, natural size. 
Part of the same, enlarged, showing an interambulacral plate, and 

half the corresponding part of the ambulacrum. 
Temnechinus lineatus, sp. n., side view, natural size. 
The same, abactinal surface, wanting the apical system, natural size. 
:Portion of the same, enlarged. 
Arachnoides Loveni, sp. n., abactinal surface, natural size. 
The same, an ambulacrum, three times natural size. 
Arachnoides elongatus, sp. n., side view of test, natural size. 
Rhynchopyg2~ dysasteroides, sp. n., side view of feet, natural size. 
The same, apical system, enlarged. 
E c h i n ~  australia, sp. n., abactinal surface, natural size. 
Holaster australia, sp. n., side view of test, natural size. 

P. M. Duncan, Quart. Journ. Geol. Soc. vol. xxxii, p. 345. 
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13. The same, apical system, enlarged. 
14. EuTatagus ro~undus, sp. n., side view of test, natural size. 
15. The same, apical system and fasciole, natural size. 
16. The same, aetinal surface, showing peristome and floseelle, natural 

size. a, a tubercle, enlarged. 
17. The same, periproet and subanal fasciole, natural size. 
18. Eu.patagus Ladbei, sp. n., apical system and faseioles, twice natural 

slze. 

PLATE IV. 

Fig. 1. Maretia anomala, sp. n., abactinal surface, natural size. 
2. The same, actinal surface. 
3. Boss of a tubercle of the same, from above, enlarged. 
4. The same, side view. 
5. Lovenia Forbesi, Woods and Duncan, from above, natural size. 
6. The same, periproct and subanal fasciole, twice natural size. 
7. Plastron of the same, three times natural size. 
8. Abactinal surface of the same, about four times natural size. 

DISCUSSION. 

Mr. EvAl~S was glad to find that  this subject, concerning which he 
had lately expressed his own views, had been taken up by the 
author ;  but he thought it  possible that  Dr. Duncan would, on 
further consideration, be inclined to modify somewhat the theory 
promu]gated in this paper in favour of some other view. In  order 
to account for the occurrence of reef-building corals of A{iocene age 
in latitudes now too cold for them, the author had reverted to the 
old idea of the vertical position of the poles. I f  the interior of the 
earth is fluid, a sliding crust, such as the speaker had formerly 
suggested, is possible, though it  would be difficult to prove the ex- 
istence of a fluid interior, and still more difficult, did that  exist, to 
prove that  the crust would slide on it. But even supposing the earth 
to be a nearly solid body, elevations and depressions enough must 
take place on the surface to alter the relative positions of the poles 
with regard to the surface of the earth. Because there were proofs 
of warmer climate having existed in Miocene times in Greenland, 
near the one pole, and in New Zealand near the other, there was no 
need to suppose that  belts of warmer temperature had extended 
nearer the poles than at present;  for the same sliding of the crust 
that  brought Greenland nearer the equator would also bring New 
Zealand nearer the tropics, both being on nearly the same meridian, 
but on opposite sides of the globe. The subject was one that  
deserved the attention of geologists, as i t  lay at the root of many 
important questions affecting the past history of the earth. 

Professor HWHES believed implicitly what the astronomers told 
him must be ; and if observations on the distribution of life neces- 
sitated any thing more than such alterations of climate as could be 
accounted for by geographical changes and modification ~nd adapta- 
bility in the forms of life, he would prefer to leave it  as one of the 
many things he could not explain, than accept an explanation in-  
consistent with accepted astronomical theories. If, as explained by 
Sir John Herschel, the transference of large masses from one part 
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of the earth's surface to another would dishtrb the equilibrium, we 
must remember that  this action would be mostly compensative; and 
if  the cumulative effect of many such disturbances might be a partial 
readjustment of the mass, we must regard such movements only as 
a tendency to keep the whole mass and its axis of rotation as it  was 
in spite of the transference of portions from one place to another 
by denudation. Moreover he disputed the data on which the views 
advocated by both the present and the late President were founded. 
He asked whether we should say that  the climate of the period of 
our older river-gravels was that  of Egypt or of Northern Siberia, 
seeing that  the Corbicula j~uminalis and Unio littoralis were now 
found only much further south ; while the hairy elephant and rein- 
deer, which had once lived with them, were now held to prove an 
arctic climate. When we know that  flowering plants and ever- 
greens now live in Alpine re~ons, where they are buried in total 
darkness under snow for four months, shall we say that  the absence 
of l ight would render it  impossible for evergreens and flowers to 
have flourished where the arctic winter-night is four months long, 
even though we could account for a milder climate by geographical 
changes ? 

Mr. WOODWARD remarked that  as it was not merely a question of 
one fauna and flora, Mr. Hughes's statements must be received with 
caution. There were evidences in northern latitudes, not only of a 
Miocene, but also a Carboniferous, a Jurassic, and Cretaceous flora. 
Nor was it  a question merely of lowly organized plants which would 
be more likely to withstand the climate; for Prof. ~ordenski~ld had 
found tree-trunks standing erect in the soil in which they grew ; and 
it was impossible for them to have grown in a climate so rigorous as 
now exists at that  latitude. If  the geologists are wrong in the con- 
clusions they have drawn from these facts, let the astronomers show 
them how to account for the occurrence of fossils indicative of such 
a warm climate in such high northern latitudes ; for the absence of 
cold must be accounted for to explain the growth of these trees in 
that  spot. 

Prof. A~STED maintained that  the gcolo~sts had certain natural-  
history facts on their side with regard to the occurrence of fossils 
near the poles; it remained, therefore, for the astronomers and 
physicists to find a new theory to account for these facts. 

Prof. GRE~" thought that the astronomers should be asked if the 
change of axis was a possible explanation, and to calculate what 
would he the result of a change in the distribution of land and sea, 
and how such a change would affect the position of the poles. The 
question was one of mechanics. 

Mr. SORBr considered that the amount of heat and light received 
from the sun should also be taken into account, and the fact that  
this may have varied at different periods. 

Sir AZCTONIO B~DY stated that  there were many facts which 
tended to prove that  the sun had varied in heat &c. But the sun 
had probably little to do with the warmer climate of the poles in 
past ages. The heat of the earfh in its various stages of cooling 

California-San Diego on April 26, 2017
 at University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


AUSTRALIAN CAINOZOIC (TERTIARY) DEPOSITS. 73 

would be sufficient to account for these changes of climate on the 
surface of the globe. 

Prof. RA~sxY could not agree with the last speaker in thinking 
~hat radiation in cooling would produce any palpable effect on the 
surface of the globe. So far from there being any proof t h a t  the 
climate had been gradually growing colder from the earliest times 
down to the present date, there was every evidence to show that 
glacial periods had recurred at different periods in past time. Dr. 
Duncan and Mr. Evans had merely given suggestions, but had not 
solved the problem and proved that the poles did not occupy the 
same position in Miocene times that they do today. Darwin and 
Dana were both agreed in thinking the present continents to be of 
extreme antiquity. Great elevations of land had taken place prior 
to the Miocene epoch. The Alps and the Himalayas were both 
pre-Miocene, and were probably higher in pre-Miocene times than 
at present, having been subjected to great denudation. 

Mr. GwYN J]~FFREYS pointed out that certain species of shallow- 
water mollusca now found in the Arctic Ocean had formerly in post- 
Tertiary times lived as far south as Sicily. 

Dr. W ~ T  remarked that there was a wonderful similarity be- 
tween the Miocene echinoderms from Australia and those found at 
Malta. 

Prof. MORRIS considered the abundance of Echinoderms belonging 
to the Spatangoid group in these Australian beds to be very interest- 
ing. The feature presents itself in the New-Zealand Tertiaries, 
where forms allied to Arachnoides occur. The distribution of these 
Echinoderms in New Zealand was excessively complex and difficult 
to understand. There was a remarkable similarity between the 
Miocene floras of Greenland and Central Europe ; and the question 
to be asked was, Did they spread over a continent formerly existing 
between these points, or had they emigrated from some one central 
spot ? 

Dr. Dv~cAN, in reply, stated that it was only by the united inves- 
tigations of all students of geology that the question could be in any 
way settled. The belief in the recurrence of glacial epochs was 
founded on some erroneous conclusions drawn from beds in South 
Africa, which were really nothing more than a volcanic dyke, and 
from some deposits in India at the base of the Himalayas. The 
Miocene plants could not have existed without sufficient light, and 
therefore could not have extended so far north under conditions si- 
milar to the present. The Echinoderms did certainly present a 
striking resemblance to those found in the Miocene beds of Malta ; 
but there were still sufficient specific differences to justify him in 
describing them as distinct. 
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